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INTRODUCTION 


PURPOSE. 


The  purpose  of  this  project  was  to  measure  radar  microwave  link  (RML)  trans¬ 
mitter  and  receiver  performance  characteristics  pertinent  to  interference  in 
the  frequency  bands  of  7.125  to  8.4  gigahertz  (GHz)  and  14.4  to  15.25  GHz. 
The  Collins  Radio  RML -4  and  TerraCom  (TCM)-608  transmitter  and  receiver  com¬ 
binations  were  to  be  used  in  the  tests. 

BACKGROUND. 


The  installation  of  new  RML  equipment  at  Federal  Aviation  Administration 
(FAA)  facilities  operating  at  higher  frequencies  than  existing  links 
necessitates  new  criteria  for  analyzing  Improved  electromagnetic  compatibil¬ 
ity.  With  new  frequency  assignments  and  considerations  for  band  sharing  with 
high  power  satellite  systems,  current  information  on  existing  and  new  equip¬ 
ment  is  necessary  for  the  Very  High  Frequency /Ultra-High  Frequency  (VHF/UHF)/ 
Microwave  Link  Engineering  Handbook,  6050. 17A,  in  the  process  of  revisions. 

DESCRIPTION  OF  EQUIPMENT. 

COLLINS  RML-4  TRANSMITTER  AND  RECEIVER.  The  transmitter  had  a  reflex  klystron 
generator  which  produced  the  microwave  carrier  frequency,  and  the  klystron  was 
frequency  modulated  by  varying  the  voltage  applied  to  the  repeller.  The  mod¬ 
ulating  voltage  was  supplied  by  the  video  modulator  which  is  a  plug-in  module 
and  can  be  easily  removed  from  the  transmitter.  Other  components  in  the 
transmitter  include  a  load  lsolater  and  waveguide  line  filter.  No  automatic 
frequency  control  (AFC)  was  used  with  the  transmitter. 

The  receiver  had  a  reflex  klystron  generating  the  oscillator  signal  which  is 
mixed  with  the  microwave  carrier  received  from  the  distant  transmitter. 
Different  klystron  oscillator  tubes  are  required  to  cover  two  different 
frequency  ranges  of  7125  to  7750  megahertz  (MHz)  and  7750  to  8400  MHz, 
respectively.  The  receiver  klystron  was  approximately  70  MHz  below  the  fre¬ 
quency  of  the  received  signal,  thus  produced  the  70  MHz  intermediate  frequency 
(IF)  required  by  the  IF  amplfier.  Automatic  frequency  control  for  the  receiver 
was  provided  by  changing  the  voltage  applied  to  the  klystron  repeller  in 
response  to  error  signals  developed  in  the  IF  amplifier.  These  changes  in 
repeller  voltage  raised  and  lowered  the  operating  frequency  to  match  small 
changes  in  the  frequency  of  the  received  microwave  carrier.  Other  components 
In  the  receiver  Include:  local  oscillator  filter,  load  isolator,  and  a  pre¬ 
selector  filter  which  functioned  as  an  eight-cell  (3  band  reject  and  5  band¬ 
pass)  filter. 

The  transmitter  and  receiver,  which  are  a  part  of  the  RML-4  system,  are  shown 
in  figure  1. 
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TCM-608  TRANSMITTER  AND  RECEIVER.  The  TCM-608  transmitter  and  receiver,  shown 
in  figure  2,  was  designed  to  operate  In  the  14.4  to  15.25  GHz  frequency 
range.  Both  transmitter  and  receiver  had  built-in  test  equipment  (BITE)  for 
self-checking.  Both  transmitter  and  receiver  had  the  following  modules: 
power  supply,  control/monitor,  baseband-audio  module,  AFC  module,  and  an 
RF  head  module  which  are  designed  for  specific  microwave  frequency  bands. 

In  addition,  the  transmitter  had  a  synthesizer  module  and  the  receiver  had  an 
IF  demodulator  module. 

In  the  transmitter,  all  microwave  components  were  located  in  the  radiofrequency 
(RF)  head  which  included  the  cavity  oscillator,  multipliers,  filters,  etc. 

The  cavity  oscillator  was  stabilized  by  a  sample  of  the  fundamental  frequency, 
mixing  with  a  reference  frequency  derived  from  a  crystal  oscillator,  resulting 
in  an  IF  frequency  of  70  MHz.  The  AFC  module  utilized  the  70  MHz  signal  after 
processing  in  combination  with  the  low  frequency  circuitry.  This  provided  the 
frequency  error  information  which  was  amplified,  integrated,  and  returned  to 
the  AFC  control  terminal  on  the  cavity  oscillator.  The  output  of  the  cavity 
oscillator  was  applied  to  a  wide  band  power  amplifier  which  raised  the  level 

of  the  carrier  to  5  watts  maximum.  Options  for  two  program  channels  are 

provided,  a  10  hertz  (Hz)  to  6  MHz  band  and  signal  into  the  video  input 

(75  ohm)  or  10  Hz  to  15  kilohertz  (kHz)  subcarrier  input  (600  ohm). 

In  the  receiver,  the  RF  input  was  selected  by  a  preselector  bandpass  filter 
which  couples  the  input  to  the  receiver  mixer  via  a  terminated  circulator. 

The  solid-state  local  oscillator  was  voltage  controlled  with  frequency  main¬ 
tained  by  an  internal  AFC  control  circuit.  The  mixer  output  was  amplified 
by  a  low  noise  preamplifier  and  coupled  to  a  bandpass  filter  70  +15  MHz  which 
determines  the  noise  bandwidth  of  the  system. 

The  IF  amplifier  had  a  52  dB  dynamic  range  and  a  frequency  response  flat  to 
within  0.1  dB  from  60  to  80  MHz.  The  demodulator  accepts  the  70  MHz  signal 
from  the  IF  amplifier  coupled  into  a  balanced  discriminator  network  via  split¬ 
ting  network  and  high  gain  amplifiers.  Each  amplifier  drives  a  low  Q  circuit 
with  one  tuned  above  70  MHz  and  the  other  below.  The  outputs  were  selected 
by  opposite  polarity  and  combined  to  give  an  optimum  noise  figure. 


DISCUSSION 


TEST  PROCEDURE  AND  RESULTS. 

GENERAL .  Tests  were  accomplished  at  the  National  Aviation  Facilities  Experi¬ 
mental  Center  (NAFEC)  using  the  Collins  RML-4  system  in  building  189.  The 
transmitter  and  receivers  in  the  system  provided  performance  characteristics 
in  the  7.125  to  8.4  GHz  frequency  range.  In  the  14.4  to  15.25  GHz  frequency 
range,  a  TCM  transmitter  and  receiver  from  their  microwave  relay  system, 
TCM-608,  which  included  power  supplies,  were  tested  in  the  NAFEC  measurement 
laboratory.  The  IMC-1415  equipment  from  International  Microwave  Corporation 
(IMC)  scheduled  for  test  were  cancelled  because  of  equipment  unavailability. 
An  abridged  description  of  this  equipment  and  a  selectivity  curve  supplied  by 
IMC  is  in  the  appendix. 


2 


The  tests  completed  included:  receiver  off-channel  rejection,  image  frequency 
rejection,  receiver  intermodulation,  transmitter  spectrums,  transmitter 
intermodular ion,  and  second  harmonics. 

BASIC  TEST  CONFIGURATIONS.  The  basic  test  configuration  employing  the  RML-4 
system  is  shown  in  figure  3.  Disconnecting  the  elbow  at  the  coupler  main 
waveguide  permitted  the  use  of  the  coupler  ports  for  sampling  or  inserting 
signals.  Waveguide  to  "N"  adapters  were  used  for  coaxial  cable  attachment. 

Figure  4  depicts  the  basic  test  configuration  employing  TCM-608  transmitter 
and  receiver.  A  coupler  was  used  to  isolate  the  output  of  the  signal  source 
because  of  the  unavailability  of  a  circulator.  Isolation  between  signals 
using  a  coupler,  limited  the  signal  level  that  could  be  applied  to  the 
receiver  and  the  level  used  in  transmitter  intermodulation  test  because  of 
coupling  loss. 

RECEIVER  OFF-CHANNEL  REJECTION.  Utilizing  the  Collins  RML-4  receiver,  the 
desired  signal  was  adjusted  to  a  level  of  24  dB  above  noise  (-88  dBm)  or 
21  dB  greater  than  the  sensitivity  of  the  receiver  with  3  dB  quieting. 

Discrete  frequency  increments  were  selected  and  their  corresponding  amplitudes 
were  recorded  when  the  off-channel  signal  interferred  with  the  desired  level 
by  3  dB.  The  test  results  are  shown  in  figure  5,  which  includes  the  off- 
channel  rejection  characteristics  when  the  off-channel  signal  was  unmodulated, 
+0.5  MHz  modulation,  and  +5.0  MHz  modulation. 

In  the  off-channel  rejection  test  with  the  TCM-608  receiver,  the  15  GHz  de¬ 
sired  signal  was  at  a  level  of  24  dB  above  noise  (-86  dBm)  or  21  dB  above  the 
sensitivity  at  3  dB  quieting.  Results  are  shown  in  figure  6. 

IMAGE  FREQUENCY  REJECTION.  With  a  desired  signal  of  8.605  GHz  applied  to  the 
RML-4  receiver,  the  image  frequency  was  not  noticeable  using  the  Hewlett 
Packard  Model  8555A  Spectrum  Analyzer.  RML-4  image  rejection  is  at  least 
115  dB.  The  TCM-608  receiver  image  frequency  rejection  response  curve  was 
obtained  with  the  receiver  tuned  to  15  GHz,  the  frequency  of  14.860  GHz  was 
used  as  the  desired  signal  which  is  70  MHz  below  the  local  oscillator  frequency 
(14.930  GHz).  TMC-608  image  rejection  is  approximately  40  dB.  Results  are 
shown  in  figure  7. 

RECEIVER  INTERMODULATION.  In  the  test  employing  a  receiver  in  the  RML-4 
system,  a  T-connector  was  used  at  the  waveguide  adapter  attached  to  the  main 
waveguide  of  the  coupler  for  inserting  equally  spaced  frequencies  from  two 
signal  generators  and  30  MHz  from  the  receiver  tuned  frequency  (Receiver  = 

8.065  GHz,  signal  generator  1  =  8.095  GHz  and  signal  generator  2  *  8.125 
GHz)  at  amplitudes  of  0  dBm.  Monitoring  the  audio  output  of  the  receiver, 
no  third  order  intermodulation  product  was  detected.  Sensitivity  to  inter¬ 
ference  producing  third  order  intermodulation  is  down  at  least  88  dB  relative 
to  the  on-channel  signal  level. 

The  TCM-608  receiver  intermodulation  measurements  were  accomplished  with  the 
receiver  tuned  to  15  GHz  and  two  signals  applied  to  the  receiver.  At  frequen¬ 
cies  of  15.090  and  15.045  GHz,  the  third  order  intermodulation  was  -59  dBm, 
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with  signal  generator  outputs  of  0  dBm.  With  signal  generator  outputs  of 
-5  dBm,  the  intermodulation  level  was  -70  dBm.  Sensitivity  to  interference 
producing  third  order  intermodulation  is  down  73  dB  relative  to  the  on-channel 
signal  level. 

TRANSMITTER  INTERMODULATION.  Two  transmitters  in  the  RML-4  system  were  ad¬ 
justed  to  frequencies  8.095  GHz  and  8.125  GHz  and  tuned  to  their  maximum  out¬ 
put  which  was  about  15  dBm  at  these  frequencies.  No  intermodulation  effects 
were  observed  at  the  receiver  tuned  frequency  of  8.065  GHz.  Intermodulation 
products  are  down  at  least  110  dB. 

With  the  TCM-608  transmitter  adjusted  for  0  dBm  output  at  15.090  GHz  and  a 
signal  generator  adjusted  for  0  dBm  at  a  frequency  of  15.045  GHz,  transmitter 
intermodulation  was  not  detected.  Intermodulation  products  are  down  at  least 
100  dB. 

TRANSMITTER  SPECTRUMS.  The  RML-4  transmitter  spectrums  are  shown  in  figure  8. 
When  the  transmitter  is  unmodulated  with  the  modulator  connected,  the  upper 
and  lower  sidebands  of  the  pilot  signal  were  present.  If  the  modulator  was 
disconnected  from  the  transmitter,  only  the  carrier  signal  was  evident.  To 
obtain  the  spectrum  with  modulation,  a  1000  Hz  signal  at  a  level  for  +5  MHz 
deviation  was  applied  to  the  transmitter. 

The  TCM-608  transmitter  spectrums  are  shown  in  figure  9.  Similarly,  unmod¬ 
ulated  and  modulated  carrier  are  depicted. 

SECOND  HARMONICS.  The  second  harmonic  of  the  RML-4  transmitter  could  not  be 
detected  at  a  level  75  dB  down  from  the  carrier.  The  second  harmonic  fre¬ 
quency  of  the  TCM-608  transmitter  exceeded  the  frequency  range  of  the  spectrum 
analyzer.  It  was  also  considered  of  little  consequence  because  the  second 
harmonic  frequency  was  beyond  the  frequency  range  that  would  cause  interfer¬ 
ence  in  other  facilities. 


CONCLUSIONS 


Based  on  the  tests  accomplished,  it  is  concluded  that: 

1.  The  RML-4  off-channel  rejection  curve  indicates  adjacent  channel  frequency 
should  be  spaced  more  than  20  MHz  apart  to  avoid  interference.  This  applies 
to  equipment  using  a  common  waveguide;  less  separation  is  possible  with  the 
use  of  separate  waveguides. 

2.  From  observation  of  the  transmitter  spectrum  and  second  harmonic  measure¬ 
ments,  the  RML-4  transmitter  should  not  cause  any  interference  from  spurious 
emissions . 


3.  The  TerraCom  off-channel  rejection  curve  Indicates  adjacent  channel  fre¬ 
quency  should  be  spaced  more  than  50  MHz  apart  to  avoid  interference.  This 
applies  to  equipment  using  a  common  waveguide;  less  separation  is  possible 
with  the  use  of  separate  waveguides. 

4.  From  the  TerraCom  transmitter  test  results,  spurious  emission  levels 
should  not  cause  interference  because  of  low  level. 


KECOMMENDATI ON 


It  is  recommended  that  measurements  be  accomplished  with  the  XMC-1415  or 
other  microwave  relay  transmitters  and  receivers  in  the  14.4  to  15.25  GHz  to 
assure  valid  criteria  in  this  frequency  range.  Site  measurements  may  be 
required  where  more  than  one  transmitter  is  available  for  transmitter  inter¬ 
modulation. 
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FIGURE  1.  RML-4  TRANSMITTER  AND  RECEIVER  RACK 
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TRANSMITTER 


FIGURE  2.  TERRACOM  TRANSMITTER  AND  RECEIVER 
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FIGURE  3.  BASIC  TEST  CONFIGURATION  FOR  RML-4  SYSTEM 


TO  DESIRED  SIGNAL  (MHz)  80-2-6 

FIGURE  6.  TERRACOM  RECEIVER  OFF-CHANNEL  REJECTION 
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ON-CHANNEL  FREQUENCY  15.000  GHz 


FIGURE  7.  TERRACCM  RECEIVER  IMAGE  FREQUENCY  REJECTION  RESPONSE 


<»  t  5  MHz  MODULATED  CARRIER 

FIGURE  8.  RML-4  TRANSMITTER  SPECTRUMS 
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(a)  UNMODULATED  CARRIER 


(bl  .*  5  MHz  MODULATED  CARRIER 

FIGURE  9.  TERRACOM  TRANSMITTER  SPECTRUMS 


APPENDIX 


INTERNATIONAL  MICROWAVE  CORPORATION  (IMC-1415)  TML-3  SYSTEM 

The  operating  frequency  of  the  transmitter  and  receiver  is  within  the  14.4  to 
15.25  (Mr  band.  Transmitter  power  is  a  minimum  of  1/8  watt  (21.7  dBm)  with 
a  frequency  stability  of  0.005  percent.  Baseband  frequency  response  is  in 
the  range  of  10  kHz  to  16  MHz  signal. 

The  transmitter  receives  a  video  signal  through  a  75  ohm  unbalanced  line  and 
the  signal  is  fed  to  the  very  high  frequency-frequency  modulation  (VHF-FM) 
oscillator  assembly  which  is  comprised  of  three  major  subassemblies:  (1)  a 
video  preamplifier,  filter,  and  attenuator  adjustment  of  the  level  of  the  in¬ 
coming  signal  for  proper  deviation  of  the  FM  oscillator;  (2)  broadband  video 
amplifier  to  increase  the  signal  gain  to  20  dB;  and  (3)  VHF  oscillator  and 
amplifier  which  is  comprised  of  a  250  MHz  oscillator  and  a  three  stage  VHF 
amplifier  up— converter.  The  second  input  to  the  VHF  amplifier  up-converter 
is  the  isolated  output  signal  of  the  phase  locked  low  frequency  crystal 
oscillator  to  a  high  Q  cavity  oscillator.  Only  the  upper  sideband  from  the 
up-converter' 8  output  (transmitter  frequency)  is  allowed  to  pass  to  the  IMPact 
Ionization  Avalanche  transit  T[ime  (IMPATT)  amplifier  for  amplification  of  the 
signal  to  the  1/8  watt  minimum  output. 

The  microwave  receiver  includes  four  sections:  receiver  head,  receiver,  patch 
panel,  and  power  supply.  Input  signal  to  the  receiver  head  processes  the 
signal  by  dual  down  conversion  to  the  receiver  IF  frequency.  The  receiver 
processes  the  IF  frequency  and  the  baseband  video  signal  which  is  fed  to  the 
receiver  patch  panel  for  local  monitoring  or  retransmission. 

A  receiver  selectivity  curve,  supplied  by  the  manufacturer,  is  shown  in 
figure  A-l.  Note  that  the  curve  is  not  the  true  selectivity,  since  an 
off-channel  signal  was  not  present. 


A-l 


